Introduction
Childhood obesity has become a worldwide public health challenge, as the prevalence of childhood overweight has increased over time in all countries (1, 2) . There are, however, considerable international (3, 4) and regional (2, 5) differences in the prevalence of childhood overweight. For example, a prevalence of overweight including obesity among 10-16 years old in 2001 and 2002 of 11.4% in Denmark, 14.3% in Finland and 18.4% in England has been reported (5) . Most of our knowledge in this field is based on crosssectional data (1) (2) (3) (4) (5) . Little is known about how early in life these differences in body mass index (BMI) emerge. Our aim was to compare BMI development in four large birth cohorts; two from Finland born 20 years apart, one from the United Kingdom and one from Denmark.
Cohorts and methods
We used data from the Northern Finland Birth Cohorts born in 1966 (NFBC1966) and 1986 (NFBC1986), the Danish Aarhus Birth Cohort born in 1990-92 (ABC) and the English Avon Longitudinal Study of Parents and Children born in 1991-1993 (ALSPAC).
For all four cohorts, participants were recruited during pregnancy and were asked to fill in structured questionnaires, including information on maternal smoking, height and weight. Data on pregnancy, birth and childhood growth were collected prospectively. In the NFBC's, data on postnatal growth up till adolescence were obtained from the routine healthcare records on children participating in a follow-up visit at the age of 31 years in NFBC1966 and 16 years in NFBC1986. In ABC, health nurses and general practitioners were contacted to obtain postnatal growth data from routine healthcare records. In ALSPAC, the followup included parent and child completed questionnaires, data extraction from routine healthcare records and research clinic attendance. Only singletons born after 37 weeks of gestation were included in the present study. All four study populations comprised above 95% White European.
Northern Finland Birth Cohorts born in 1966
Northern Finland Birth Cohorts born in 1966 consist of 96.3% of all children who were due to be born in the provinces of Oulu and Lapland in Northern Finland in 1966, and 12 058 live-born children entered the study (6, 7) . Subjects living in the original target area or in the capital area were invited to a clinical examination at the age of 31 years and 71% took part. Growth data were available for 4036 term born singletons. Signed, informed consent and written permission to use their data for scientific research was obtained from the study participants at the age of 31. The study website contains details of the data (http://www.oulu.fi/nfbc). The University of Oulu Ethics Committee approved the study.
Northern Finland Birth Cohorts born in 1986
Northern Finland Birth Cohorts born in 1986 consist of 99% of all children who were due to be born in the provinces of Oulu and Lapland in Northern Finland between 1 July 1985 and 30 June 1986, and 9432 live-born children entered the study. Subjects living in the original target area or in the capital area were invited to a clinical examination at the age of 16 years, and 74% took part. Growth data were available for 5305 term born singletons. At the age of 16 years, the adolescents and their parents gave informed consent and written permission to use their data for scientific research. The study website contains details of the data (http://www.oulu.fi/nfbc). The University of Oulu Ethics Committee approved the study.
Danish Aarhus Birth Cohort
Danish Aarhus Birth Cohort consists of 8719 Danishspeaking women with a singleton pregnancy seen for their first antenatal visit between 1 August 1989 and 30 September 1991 at the Department of Obstetrics and Gynaecology, Aarhus University Hospital (8) . In 2001, children in the cohort were invited to participate in a follow-up study. A total of 7953 motherchild pairs received a child health questionnaire and were asked for a signed consent to collect historical data of the child, and permission was given by 6504 parents. Growth data were available for 4810 term born singletons. The study was approved by the Danish Central Ethical Committee.
English Avon Longitudinal Study of Parents and Children
English Avon Longitudinal Study of Parents and Children consists of the offspring of pregnant women resident in one of three Bristol based health districts with an expected delivery date between 1 April 1991 and 31 December 1992 (9) . A total of 14 062 live-born children entered the study. Growth data were available for 13 491 term born singletons. The study website contains details of all the data that is available through a fully searchable data dictionary (http://www. bris.ac.uk/alspac/researchers/data-access/data-dictionary). Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees.
Statistical analyses
We used measurements of height and weight from 2 to 18 years to calculate BMI (kg/m children with at least one measurement between 2 and 5 years, one measurement between 5 and 10 years and one measurement between 10 and 18 years.
Between-cohort differences in participant characteristics were tested using Student's t-test or chisquared test.
Body mass index was log-normally distributed in all cohorts. Therefore, we modelled log-transformed BMI (lnBMI) in this study. LnBMI trajectories were modelled using multilevel models (two levels: measurement occasion and individual) in the statistical package MLwiN (10), using fractional polynomials to identify the best fitting curves. A model predicting ln (BMI) by age, age 2 and age 3 as both fixed and random effects, with age centered at 9 years, fitted the data within each of the cohorts well. The multilevel model allows for the change in scale and variance of BMI over time and allows measurement error to differ according to whether measurements are from questionnaires or from routine healthcare records or research examinations. We assumed that random variation was the same across all sources. We included an indicator of measurement source (questionnaires, routine healthcare records or research examinations) in the multilevel model as a fixed effect. The models use all available data for the study population under a missing at random assumption.
Differences in BMI trajectories between boys and girls, and between cohorts, were estimated by fitting interaction terms between gender/cohort and the constant term and each of the polynomial terms.
To assess model fit, we calculated mean BMI in the observed data at four different ages: 2 years (mean of all measurements between 2 and 3 years), 5 years (measurements between 4 and 6 years), 10 years (measurements between 9 and 11 years) and 15 years (measurements between 14 and 16 years).
To quantify the cohort differences in BMI, the mean predicted BMI in NFBC1986 and the mean per cent difference from this for the other cohorts were calculated. Z-tests were used to assess the statistical evidence for the differences in BMI comparing the other cohorts to NFBC1986. To explore BMI differences at different stages of the obesity epidemic, we compared the two NFBC's, and to explore BMI differences between different populations, we compared NFBC1986, ABC and ALSPAC (all born within a span of 7 years).
As a sensitivity analysis, the model was fitted using all available data in order to check, whether the restriction to children with at least one measurement in each age interval resulted in changes compared with the full data set.
In order to explore potential explanations for cohort-differences in BMI trajectories, we repeated our analyses controlling for a number of variables. Maternal height (cm), maternal BMI before pregnancy (kg/m 2 ) and maternal smoking in the first trimester of pregnancy (yes/no) were included in the model, along with maternal age (<25, ≥25-<35 and ≥35 years of age), being firstborn (yes/no), maternal education (education longer than vocational level (courses designed to equip students with skills required for specific occupations) yes/no) and single parenthood (yes/no).
In order to investigate whether the differences in mean BMI, found between the cohorts, were due to a general increase in BMI in the whole population or a change in the tail of the distribution, centiles are reported and histograms of observed BMI at the age of 2, 5, 10 and 15 years were drawn. In the histograms, each child contributes a maximum of one measurement in each age group.
To explore height differences between the cohorts, centiles of height and weight at the age of 15 years were calculated.
Results
Descriptive statistics are presented in Table 1 . Birth weight was highest in the NFBC1986. Maternal BMI was highest in NFBC1966. The percentage of mothers smoking in pregnancy varied substantially from 13% in NFBC1966 to 29% in ABC. Also maternal education level varied from 15% having an education higher than vocational level in NFBC1966 to 78% in ALSPAC.
At the age of 2 years, BMI in all the cohorts was approximately normally distributed. With increasing age, the distribution becomes more right skewed for all the cohorts. The BMI distribution also revealed that the cohorts, in spite of differences in the right tail of the distribution, contain a large proportion of individuals with very similar BMI across cohorts; density peaks and median BMI were seen at a similar BMI for all the cohorts (Supporting Information Figures S1-S4 and Table S1 ).
Our multilevel fractional polynomial model fits the data well, as the observed measurements of BMI across all cohorts, and all age groups are consistent with those predicted by the model (Supporting Information Table S2 ).
Mean predicted BMI trajectories in all four cohorts are depicted in Fig. 1 . Table 2 shows the mean predicted BMI at the age of 2, 5, 10 and 15 years in NFBC1986 and the mean differences between NFBC1986 and the other cohorts. The largest difference between the cohorts was less than 6%. NFBC1966 had a higher mean BMI than NFBC1986 only at the age of 2 years (0.7-1.5%). After this age, the mean BMI in NFBC1986 exceeded that in NFBC1966 by 1.4-5.2%. BMI was 0.2-1.5% lower in ABC than in NFBC1986 throughout childhood in both genders. Girls in ALSPAC had a higher mean BMI (2.2-3.5% across childhood) than girls in NFBC1986. The ALSPAC boys had a 3.5% higher BMI than NFBC1986 boys at the age of 2 years but a similar BMI at ages 10 and 15 years.
Including the full data did not change the results (Supporting Information Table S3 ).
Adjustment for maternal height, BMI and smoking revealed that NFBC1986 exceeded ALSPAC in mean BMI among males after the age of 5 years (Supporting Information Table S4 ). This was mainly driven by the adjustment for maternal BMI. Further adjustment for maternal age, being firstborn, maternal education and single parenthood did not essentially change the results. Examining height separately at the age of 15 years revealed that ABC was taller than the other cohorts (Supporting Information Table S6 ).
Discussion

Main findings
In this study, we compared BMI trajectories in participants of four cohorts; two from Northern Finland, born in 1966 and 1986, one from Aarhus, Denmark, born in 1990-1992 and one from the Bristol area, United Kingdom, born in 1991-1993.
Overall, the differences in mean BMI between the cohorts were small. These small differences, however, emerged at a very early age and persisted in most cases across childhood.
Girls in ALSPAC had a higher BMI than all other cohorts throughout childhood, e.g. compared with NFBC1986, BMI was 1.3-3.5% higher. Girls in NFBC1966 had lower BMI than girls in the NFBC1986 from the age of 5 years. For boys, the difference emerging over time (comparing the two NFBC's) exceeded the differences across populations (comparing NFBC1986, ABC and ALSPAC).
Comparison with other studies
Gender differences have also been detected in other studies (11) . The increase in prevalence of overweight over time, seen here between NFBC1966 and NFBC1986, has been frequently reported using cross-sectional data (2, 4, 12) . Danish data have shown that the obesity prevalence among children and young adults has increased markedly with increasing year of birth but also that this increase in prevalence has developed in phases of increase and stagnation, for example, a steep increase in obesity prevalence between children born in 1966 and children born in 1986 was seen (12) . This is in line with our finding on the Finnish data; a substantial increase in mean BMI from the age of 5 years between children born in 1966 and 1986. A study of worldwide trends in childhood overweight and obesity revealed that England and Finland also experienced an increase in overweight over the two last decades of the previous century (2) . Newer data suggest a later levelling off of the obesity epidemic (13) , at least in some countries (14) . We cannot rule out that a levelling off of the obesity prevalence could have an impact on the younger cohorts, decreasing the overweight prevalence.
At age 2 years, the mean BMI in NFBC1966 was slightly higher than in NFBC1986, but after about the age of 3 years, mean BMI in NFBC1986 exceeds that in NFBC1966. On the individual level, we have previously found that children with a BMI among the highest 10% of a population at the age of 2 years are at increased risk of later overweight both in NFBC1966 and NFBC1986 (18) (19) (20) . Hence, it seems that children from a cohort of higher BMI at the age of 2 years are at lower risk of later overweight, but children in the high end of BMI, regardless of cohort, are at higher risk.
Whether the early differences in mean BMI between the cohorts are linked to later BMI, needs to be investigated further.
The remarkably stable growth patterns across different populations have been found in former studies (15, 16 ), but few have been able to analyze longitudinal data (17) . Common features in the development of thesociety in these countries may have contributed to the similarities found e.g. they are all high-income countries, with relatively stable political and economic systems. However, differences in local environment factors, policies, dietary behaviours, economic development, infant feeding (21, 22) or physical activity (23, 24) may at least partly explain the differences found.
The BMI distribution in the cohorts at the different ages was increasingly skewed to the right with increasing age, but the BMI was similar at the highest density in all four cohorts. Increasing overweight prevalence over time, without corresponding changes in the central part of the BMI distribution, has been shown before (25, 26) .
We found the other cohorts to have slightly lower birth weight than NFBC1986, but the differences cannot be explained by the measured variables.
Strengths and limitations
A major strength of this study was the prospective data collection in four large population-based cohorts, with extensive measurements of height and weight from childhood to adolescence. One limitation was the variation in the ages and mode of collection of BMI measurements, but we believe the differences were adequately handled by the use of the multilevel model. A large proportion of the study population was excluded when requiring three measurements; especially the study population of the ABC was reduced by 70%. The major explanation for missing measurements in the ABC was the national execution of a political decision to change municipal organization just prior to data collection and hence inaccessible archives. We have no reason to believe that this caused a selective reduction and thereby was a source of selection bias, and this is borne out by our sensitivity analyses. We know from other analyses of NFBC1966 and ALSPAC that individuals with only basic education and individuals with unemployment history are slightly under-represented among attendees (27, 28) and that individuals with many BMI measurements in the NFBC1966 have slightly lower adult BMI than individuals with fewer measurements (18) . If this has an impact on the results, we will most likely have underestimated the mean BMI, as the study participants are expected to be slightly leaner than the source population, but we expect that this applies equally to all four cohorts. Moreover, we saw substantial differences in maternal education between the cohorts and adjusted for this, but because of differences in the educational systems between Denmark, Finland and United Kingdom the information obtained on maternal education level may not have been sufficiently comparable to fully adjust for the effect of maternal education.
Conclusion
Population-level differences between cohorts were small, tended to emerge at a very early age, persisted across childhood and demonstrated an increase in the right-hand tail of the BMI distribution with increasing age.
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